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In order to deterrniae tho possible roile of body, characteristics in nens
ability to adawt ead neclir-atize to high tltttude cold the p.hys;ical characteristics
of four groups of ind viduals ucre correlated to their body ten'e-rnture r-ascnses
when exrosed to en er~bient temperature otý 11V C. for two hours at en altitude of
3760 Leters. The body cbraracteristics c ioaca for analysis vere, age, stendinz

he~htsitin highwigt body .ats fat free weirht end sum of slzinfold.
nie four gro-ups acre U.S. t.1ites, Univsrsity of Cuaco T1hite sod Indian su.tdents
and native Indian viflagers.

The results sheved aignifdennt ess'eiatton between body characteristics
and body tenperatures in all group:s. P±'t acted as insulation In all grou!'s
end fat free uitigt had very adgonificant -,sitiva effects en total body heat
content. !he total body h-at content of em tire Indian villaers van nore
sig-nifier attly affecteA by ceg than2 In ether -rou7s end tat-free weighbt in this
group had a strong effect. cc peripheral bo" zomenarturas. 7he result alree with
the sugeastion. unae In tha previour prog-rezs report that native Iisiia villagers
have a hI!-her =etabolic responn-a to cold stress.

Kite: Coniecs of this rerorL are filled with lireed Services Technical
lufornation1 tgrency, Arlington M011 StatIon, Arlington 1.2, Va.,
and oaf be obtained froci that arency by qualified investiCgetors
workinc under Govcr:Lnent con-trast.
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1. Intrcducticn

Studies cvcr the past tea yý ars ha e sh7,T. that -when individuals are

ex-zced to rodcrate total body col. r.- =uch of the individual variability

in resnse any be based cc individucl variation in body structure and

cozpositioa (Bus'cir at ea. 1963). Since populaticn isolates of ran are

often drazatlcally different in body size and composition, many of the

differences that Lave bcen reported for porulation isolates =ay be accounted

for by these differences in body structure (Puskirk et a!.,1963, Baker and

ohLers, 1963a). respite the fact that body structure has a significant

effect on tenperature responses during body cooling it cannot be assumed

that it han a similar effect on oll groups. In a study of Aneriecc SeNgroes

end 'Whites it v.s found that body fat seemed to provide lcss insulatiu. for

Azerican Negroes than it did for U.S. Whites (Bnker, 1959). Theoretically

other body characteristics such as ele, surface area, and the Mass of active

tissue should also affect temperature responses daring body cooling.

Hovever studies of these vroblems have so far Droduced meager results (Baker.

1960, Bernstein et el., 1956).

2. Hetho4s

S=Ysle. in the present report, the data from the four eroups of na

usee for studying adaptation to high altitude cold in the Andes have been

analyzed to d!.termine for each Croup the relatiunship between body character-

istics -ad tanpermture responses dLrirg t6o hours of cooling at t
1 0

C. A

c~plcte description of the four samples is given in the Annual Ptogress

Report, dated July 1, 1963 (Baker. 1963). Briefly, these samples consisted

-2-



of 2L native High•and Peruvian Indians living in trpditional nanner, 12

University ef Cuzcc students ci Indian derivaticn, 12 University of Cuzco

students of 1Thite 4erivatdon, Rnd 5 U.S. lh.tee wno bai s:-et three to six

n=ti: irn the highlands of Peru. Tfrblc I Cives the rhysical characteristics

of the four :opusat-ions.

TABLM 1

Mcan and Standard Deviaticr of Body C.nracteristics for Total Bocy Co,)ine
Studies

Body U.S. Cuzco Cuzco Chinchero

Chcract. C. ites Whites Indians Indians

Mern S.D. Mean S.D. Mean S.D. Hear S.D.

Age 27.2 5.0 20.4 2.2 20.3 2.4 35.0 18.0

St. H. 176".3 26.1 1677.1 hb.5 1671.0 55.6 1545.9 45.8

Si. H. 931.2 13.0 C92.0 2L.9 881.5 26.7 &27.4 32.8

B.W. 69.3 5.9 60-. 5.9 60.9 5.8 55.1 5.1

% B.P. 1.c.5 2.0 8.4 1.4 9.0 1.8 7.9 1.1

F.P.W. (2.0 4.2 555.6 .1 55.4 4.8 50.7 4.7

S. Sf. 53.6 13.7 41.5 12 2 44.3 16.4 32.9 9.9

Leg-end

St. H. = Standing height '=2.) % B.F. = Percent rat

Si. H. = Sitting height (m-.) F.F.W. = Fat Free Weight

B.V. = Wei-ht (ks.) S. Sf. = Sum of Skinfclds

The tvo University cf Ouzco ponulationS wore carefully notched by

selection for body characteristics end as a consequence there ore no
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sirnificant differences in the rvaesa of th2 nscsure-cnts of the two

populations. :Irwever, stenCard d~viattcna vary s1lghtly particulajrly than

of standing btighit. TuChinchero Lidi-.n 1Y-,prat cn and the U.S. Wghte

vcp'maltin are dIfferent from= each. other adfrom the two student polulatisns

in oust choAraoeisaios. Whirle n'-ne of these populations is large enuhto

be censidered representative of their respect ive larger populatton groups,

the differences betu-wen then reflect the directions of the difference bettusen

the pcprlaticns. C-hus, the native 2nditq p-pulantion is the shortest of the

groups cand tho :igttest lin body vetg-ht; it I's also the :cwest in body fat.

The U.S. White pojnalltion is substcntin'ly tsller, heavrier and tatter than

the Cuzco) student peaoulation. Despite the very srmall size of the U.S. White

sonpie they arc quite close to estirat- s tf body size end ecarmsitio"n obtained

en a U.S. Whjite reo~ulati-n of cnnparptfltý see (Brozch & Henschel, r961).

Testing Codlri-ns. All grouans were exposed rude- while lying o)n canvas

cots fcr two hours in =n erbicot ttnmper-ture of approximately l14
0

C. Exect

datail's rf tepraue oditlons are :'resented in the previous report of

Znty I , 1963. 11cueavr, 'It chyald' be retctrated that conditions in the dress:i"g

ir s pra r tc: the actuall c-cling exposure were not constant and produced

siMoifictat sold stress soý that thermaa3 eqpiilibrins cannot be assmaed in these

rgr~nps at the beginning of the study.

Of t~he lbody temperature n-eas'erc-antc collected during the cold exposure,

focr neasure~mnts yore selected for : osl'Ysis in relation to body structure.

"These were: (1) rect.3 'crpcr%1tur, (2) nean weightel skin tenperature,

(3) Istad temperature, mon 4) toe temperature. Rectal wnd m-ean weighted

skin temprerature have baca Included been'u-e Vhey rcpcasent the best two

neasures .f the overall theneel characterl:,tte: 'f the individual. Hand
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ard toe tenpecrature vere included beccuse in group aenpirisons, higher

£nterrxouvp veriebjitlty vas eneccantered. They trc elao indicatnra of

perirheral1 heat flow. 7In the anetLysis, phys--cei characteristics have nflt beenz

czbiaed into indices, such as surface --rea, because such cczbinations are

statisticilly less valid charactertzacaons of the body then the raw neasure-

tents. Nc atterpt vas nrde to integrate rectal end shin ten-peratures into

estinate"s cf therzan insulation ond/or tntcl bodyv heat content usine

rubliss-ed fornulas because it is felt that indiv.idual structural differences

are signnificant in true insulathn =nd I.trO-t body heat content. The cal-

culatton of such vcaucz by farulca derived fran U.C. White groups would

therefore c-mnfuse the Inter~rctatima of the results (Buskirk et al., 19E3,

Bai'er, 1958).

3. Results

La. tiue prevtoius anaclysis for gv-mup diffeareaces It was found that the

two Un Iversity popuintionna did noit sig-nificvntly differ from each other

inan. em' the temrerat ure nenaureneats used for this analysis. T-e White

and Qiinehero indiun caroups did differ from each other and' from the

University popuAnttona. Despite the isch of significant differences between

the two University Eroups they have not been coisbined tar this analysis

since the sinilerity In averaee response daes not necessarily signify a

sin-ila-rity In the roale of body structuare characteristics in cooling responses.

For excnple, in the previeusly cited study of Ue:,ro-Uhite differences

in response 'to nodearte total body cooling, the two groups did not

significantlyr dIffer frran each other in average response. Nevertheiess,



iz that study the analysis of structure in relatiou to tem=erature indicated

a significant difference an thf insulation provided be body fat in the two

Grouis.

The relationship between the phrysical characteristics and the terperature

responses in the four eroups was raossured by the Pea-son product-rment _r.

The ccrrelation coefficients fpr each )f the tine intervals at which ten:erature

neasurereats were =en1• is showm in AY,,endix A. H!Ch crder correlations were

found between n.'ysical characteristics end rectal and renu weighted skin

tenperatures in the U.S. "White groups. Hoverer, the very snlal size of this

swrqli prevented the nnjcrtty of these correlatiens frr being statistically

significant. If the correlation patterns for all tine intervals are cnra!dered.,

significant correlations exist between fat and mean weighted skin tenperature

vwth nearly co-parable correlations between fat and rectal temperature. The

rslatiauship between fat-free welgýt ,nd rectal temperature is also hi&h

thrmuhout the test period. At the ead of two haurs this relationship

provides the most hi.hly sign.ificnt c.rrelations. The correlations fmund in

the White group agree with the results >f other studies in that they shrv

bcdy fat to be nvgatively correlated with skin temperature while it is

a:csitively correlnted w1th rectal tem,,erture. At the beginning of the

cc-clir,g peeriod, standein height and sitting height were highly correlated to

tee and hand temperature in a ne,-ative direction. Horvever, the correlations

fall considerably below significtnt levels at succeeding tine intervals.

For the two University student populaticus, correlations are generally

of a ruch lower order than was found 1,r U.S. Whites. Altneugh there appear

to be sc.e cr.ii.atsmt patterns, such as a positive relatiomship between fat

end rectal temperature and a negative relationship between fat and mean weighted
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sumi ten~erature, there are no ien~fientnt r's. Mkre significant correlatxcns

ezecrge; fr=n the relationship between body strixctne, cod toe and hand

tenrerature. The two eroups do not sppccr to be ~nhilar in this regard. By

the end of toe cooling period, the Cuzco Whites show ccnaistenfly significant

associa~tica tetveen =easlores ot 'at-free weight and body fat with toe

tenperature. the Zuzco Inelian z;rour, however, rails to snow any positive

association tnd inateed sho~ws at the very endS of the cooling_ period; a highly

significant correlation between age and toe ten-eratus-e. hwan tenmperature

r's are lower, aithouen In the Cumaco White anplc there is c-nsfatent and

significant associtatfen between the roasures of body fat and hand ton-perature.

Again these are poalt~ve asacoiazirns Indicctingr the higher thie body fat, the

higher the hi-nd temperature. These pa .terns do3 not ermerge- en the Cuznco Indian

Grou"p.

Because -,f the. larc:er sample dcir, thý Chinchiero group is the cost suitable

of the four grouets for correlet ion ane regresaion analysis. Thlus, elthouzhb

cor-relations are zaubstanti;0.ly lower ti en they are in the U.S. White Crcugn,

there are a:ore statistic-Aly nienifican. correlattion cocefficients. In

contrast to the U.S. 'Thite Creun, sc ccrr:ositi;cn I=s a low order of correlatic.

wit'- rectal sad maen weieýhted skin tea-crate-re. Tare only signMificant pattern

seams to be a tucaitive assciztien between the s= cof skinfoldsaend the

rectal te=';erature. In that this is a positive association, the results can-

fern, t; findings cm U.S. Whiten. On the other hand, a highly significant

negative. relat ions'hip between age ant4 both rectal and neon weighted sh~n

teaperature devolons aver the two hours of cooling. Noe such associatim- with

are is fonit Lin the U.S. White ciroup.



in si'rary, the sin'-le corn,,latiens sureest t. It the U.S. ýIbiteýs

respand to hit-hi alti tude cýOliMr With tee acre retl taicnship between

body structure 'ird te-reroc.ure as hIe been found by otier investirators

in ccntr'dled iab~rat~rj esreri-nents at l'%, altitud~es. ThIre two, University

aeonulations do aot seer. t be tde-ntieal to each other in the reletienshir)

ci' body structure to temp-erature resr-snsea, nor do they appýear to be

identical to citi-er c! the other tro croex's. The Clhinehero tcdicn Crour

showrs a substantially different -,attern, tr'±th a.:e the donianet factor

and body, ccape-sitioz alparentlyr of less sia-irdcerce to overall body

coelinoc. Howevxer, t'he rrours tre not ccmraretle to each other in body

structure except .for the L.,o University r-ipulations an,- the analysis of

simplIe correlations Coc.a nct necesrari -y soier the accurate pattern since

the m~easures of body sttructure are Snter-related. Therefore, an analysis

based on multiple, correlation with rorsirony was undertaken.

7ac nultiple cor-relation -41-h znarairrny techLnique is simply a

standard multiple correlatiou with a a ibsequont series of sinj'le variable

eliminations3 fro.. cons;ieer-tir-n of many indcrendeat, vazriasbles to a- final

indicatior. of the nrire prredictinc varithle. By this nethed it is possible

to determine whicht of the body structure factors is :nost sirnificcnt In

rel.-tion to an iiv.rAbodly tc-%perature. '4ultiple correla!tion with

parsimony was used to relate .Fv physical characteristics of achcl Croup

to each o^ the te'ror~ature necazrenents. TPabo- 2 sunrasrazes the results

of thzis analysis for zine in~terval 120, i.e. the last rea-surenent of

ter'eratarcs durirmp the study.



Multiple correlatian uibh puxs-siory
caslysis of bo'jy etarecteristics fn
relation to body teareraturas alter
1120 ninutos of coclir'.c. a~t a!1Y c.

U.S. '21Ptes I'=5
is E-CPctal Mean Waijated

;enperature Tenrerature Tempereture Skin Tcc~perature

AUl characteristics
is. Tatle 1 P= .99 R=-99 Rz.99 11=.99

Mest sicoifictnt Ase,St.H. FEW & S.Sf. AEce&PP-W St.!!., V711, 5. Sf.
Variables & 5.5?.

R.=.89 R=-95"i=3 =3

?rime predictor S.St. r--.5 F76'. r--.50 FEW1. r-.92 S543. r-.-83

Cuzco Whrite N=12

AUl characteristics

Table 1 R=.69 1W.5. r--.70 -W.61

Mlost si,3nificsnt 5e &VtH- St.!. , UtA. & St.!! . Wt.S.Sf.
varirbias ..

P.=. 86 R=.65 P-4

Prime rredictor t.r-~.69 5.5?. =.L7 5.5?. r-.55 St.!!. r=-.40O

Cuzc icIdtnnz N-12

All chtracteristics
in Tnbl-e I P=. 80 R-.65! R=.10 1W87

Most Sifniflcalt, -- St.H. &1'f St.H.&PFI Agge, Si.!!., %F,
PEFW

Prime predictor Ass r=-.79 St.!!. r-.3,. St.!!. ::-.23 SiJIH.r -. 54.

Chinrchcrc' -hi ins N2l4

All characteristics
ir T.-'bls 1 -A=.7, 1!.=.56 H=.T74 F=.50

liszt rig;nificant Az~~.Ft Wt.,;Fet,S.Sf. .'ze,Si.P.& AgeSi.2.
variables 5.S?.

P..E =.51 R=.73 .4

Prinse predictor Wt. r--.48 vt. r:*35 Ace r---.61 %,7a r--. 4.

Ler~end St.!!. =Standing height (cal, St.!!. - Sittinc heic-ht (m), B.V. - W~eifh't(kc-.)

% A.=Per-ccnt Pat, F.F.W. - Pat P-ros We- h, 5.5?. = Sir of Skinfo~ds.
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The notati-n of "all chsracteristics
t 

refers to a-11 the body chsrectcristica.

sheam in Aturendixx A. The sele:'ic %>f the seccenl item la~aled "nest

si~mificant rsriablez' is based on. a seccvhat subjective crtteritn.

The small asa-plo sizes nade inpossible the selection of the border line

betveen sit-nificant, drops in R values by ri.-crous stattistical tests.

Therefore, ins judpnenta were arbitrarily rade by ins-ection. The very

hi -h R values shown focr the U. S. W1hite senpie shc-uld -probebly not be

accepited as preof of perfect associrtion. An increase in the onuber of

variables autcnaticclly aejusts nultirle co.rrelation Rs to a hipher value sand

wh~n as uany characteristics as were used- in this studyr ere subaitted to

nultiple correlation, R va-lues will reach a very hi.ýh value in s=all asaples.

Ilevertheless, the results- do succerct 2ý very hdz!h dperee of association

bet-teen physicall characteristics and body temperature responses in the

U1.S. Whites.

Correlaticons of body charactarristics to tenperature in the other

three r~rcunss are of a lever order. flkwever, substantially I values are

obtained in nest cases sad the considera tion tore than one characteristic

at a tine inpxreves prediction considoriecly in nest instances. Ccnsiderinc,

the snail car~le size involved! in each of the !.roups with the ecse,-ion

of Chinshero, the rajor va-lue of the rnultirle correlation with p-arsklncy

probaboly lies net In the Cerived R values but in the Indication of which

body charazteristIcs; are the T'r~rc predictors of the body tenperatures.

Thele 3 suxscrizes for =ah of the boedy tererature neesuraemets the price

predictinr body characteristic and the next most kinortant contributing"

characteristic.
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27011 ":¶cfl en:i leriL ni--c -ri-e -.reictors te 11.nitst icns

!-nses by tlcn s:all sc•nrlc nine rhnvll nzt be .icglcted. Therefore,

only thz consistent and aiar-afl trends should prubably be considered

and minor shifts of prime predictoro frw one tine period to another may

be considered statistical artifacts. The results of this analysns

indicate saae variation fron the conclusions vhich were derived on

the tasis of simple correlations. In sone Inrtances the findiuns from

the sxr-nle correlations were reinforced. For example, in the U. S. Mite

sample tat-free well-ht and skin folds remain hichiy sicnificant in relation

to mean weirhted skin and rectal terperature. The tvo University student

populations do not shov consintent differences in the prime contributors

when body characterirtics are related to rectal or mean weighted skin

t•,-erature by this method. IE-sn.ver some differences betveen the student

(rouans remain. Age acears to be thu -ritoe predictor for toe tenrerature

in the indian rstudlents uhile body woi~bt is nore sie'nificant in the !.hite

o Wnether there is - s!=tf-caoee to this difference or whether

it is s-unly the product of randcn var At=on casc-t be doter--e-ned until

larger groups from the san.ei poputntians are studied. Within the Chinchero

Indian Croup nultirle correlation a.ain shous e.-e to be a prize factor in

the nencnre of t•e•t body heat. Of secondary 'onort•nce to =*un veighted

skin temperature and rectal tem=rature are neas-res of body fat. On the

other hand, toe and hand teaoljatures do not seen to be as signifi-antly

afo-ctcd by age w,! s..nsurez of fatnecs-- Instead, total body size is

of Zreater sigificance to these body temueratures.

Rferesnion Ana•3sis Although the U.S. Mhite sanple is small, the

high cozr.-*'tions and conformance of findings to previous studies
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cf tbe, relationship of body, fat to bodyteraiat ures during coolific,

ziaV.-tbe i'irthei cnalyasi of t~'e relationship,of lbcdy-str'icture to

tealperatures ucoeal'. Ra-,reszcnzs eozbdy f~it and fat-free iwoicht to

ractal'tenperature chd nean waiii'ted' ukidtennraturc arie shovn in Table

Table is

Rccressiona6for preeictint; rectal. and
mea ve'~hadskin, tewxerutuies- frorm percenti of

fat 'ir. the body a~idý fat-ofree veirht.

U. S;. Whit ci

Rectal tnkalr

Tine %Body, Pat re~rcssic.Fi rgesin'nICs

'0 RectalT7cn. = .215x + 97,21 Fectal Term. .. 165z + 92.95-
n1 Rectal Ter-,. = ;233z 96.78- Rectml-Temp. -= 12)x 4-9lý?2
140 Rectal 'Tcnp. =.216x 94 9.83, Rectal Temp. = .lOr.x +'92.53

60' Rctaltt'en. = .230Y .SIM! Rectal',Ten,. -. 120x 4 91.69
80 RctlTar 230x 4- .651 r;-i-tr .1163C+ 9j*1.

200 Reet all ¶rcn.-= .276 .3 atloa.=~x +89.46,

12o Re-ctal Tczp. .257ex * 96.1? rectal'Teap. =.137x -90.990

i*,eaa Rir-itee S kin :Tr!pcratuia-

lime Y, Body -?at, r<ýressivn F..'.rerresion in Kcs.

M 1.U.S.T.- = .38.'x t 86.64- 1j.W.S.T. = -. 115x + 89;73
20 H.U-S.T. 5=C-.5~ +- 87.50 fl.1.S.T.- -. i21x 489A66

U.l.V 51-.5li + 87.20 RUS!.=-1
6  

+ 88.41
0 ~ !-xv -d8-486.57. nx.R.T. =-.l07x,4 85.1?.

80o PI.W.S.T.,= _;.5,§x + P7.72 i.11.s.T. =-ý.nlx 4 88.99
100 HA!X.S.T. = -.7526-, + V7IM5 11.U.S.T. =-.l08x 4. 88.63
'120- 11.1.S.T. -. 3Mc+863 !J.S.T. = -.llox + 88.66

B-Ic-Abc-rfree we~i~ht 11 od at shei' pocitive slope aszociatlon,

vith, rcctai temperature. Mhese slopea Iro fairly- steep indIc~tin~a a strxoal

effect Of these vario1blez upon. rectal ten-erettar. Over, the cooliac

period, free 'the initial, readia.- to the final reaain.Z. there Is, an,

Increase !z thi steepnesi ofr the ilope. This is not consistent frc!

cue t~ineperiod to the other but it appears that over the total~tine



period there has -been en incressz !n slope. This ivoed' sljesýt that

býoth tat-frro s..(i~ht cni body fat Lincrease in thefiýrisCnlficunze in

aroiton to rectal teupermt-ure as the body is fathter, cooledb

cola nypcznec. -ine rc(:essioao bct-rein body -fat-and fat-free wjeig. vith

mean weighteI -slcn temperature ~showthe opposite slope, that. Is, the

hi~bei-the body fat aad.the hisher the flat-frce-welaht, the lower the

skimtanpretue.%his uejrees with prericuo findings that -fat acts* as

inswlation. Thne nczati-ic rclationship tetweem-fat-free welot and Skin

tomperature an-y be, a valid, finding or, say simplay be -a product of, the

hir~h correlation between boey fat mid fat-free vci16t ,in this snaIl.

sannie. Mid slo-pes show a-tendency to become st'eepr astecoolia tinei

inicyeezas, aziný sýwcertinp- thant It least body fut he:; an increasing

sipificancc tosliin terperature -Vith the passg of c tien the cold.,

The two6 U'niversit-I stulent, forpiutlotiun were noi. subnitted to.

reltressicn- annlysi3.nort .only 'because ý,f s~na rstmle slie butý also biewase

there is no comparable mte'rla2 on ~larwrvrsopulattions.
ýOnly in the Mkinchero, eroup is the sample'size. sufficient~ly

laro ýto' providc, reacomablxo,-is~ecssion, slope estimates. The simpe

correlaetions and the ial-tinplecorrelatlona suz.~cvt thjt the fat-free

vWaiht- cnd theo percent, or ,;od, fat,ar~-t?.e two most-sidniflcoat b~ody

chu~ractleristics'in relatiomsbiva to the tenmperature, of the toe.L Re~ressioas

for there two rralseepeaed -in ablo 5.



Table '5:

Fecresiocs'for predicting, toa tearorature'
'ironi fat-frc6we:Ehtond %tebdy fat.

Chincheiro~lndiens

TLne 'F.F211. Pe_-rcssien. in K. ~ Body Fat Regressiou

0 T& TIe-mp. =.69.< + 3D.960 F; :7oi Tema T.82% ± 72.1430 F.
20 Toe Temp., -ý .6x + 33-740-F. Toe- Temp.. -7.98x + 72.414ý, p

toa Toe Tcnp.' - .-52k 4 n7.44t F Toe Tapi. =-l.05z +472.l11 P.
,60 Toe'Tenpo.' L Alt 38.86 Fr.; Toe Tep'., -83x +-69.2140 F.'

8o Toý Tcm'i,. .39x +4 12.631? F. lboTap. n ' 6 6i + 6T.780 F.
100 Tco Thug.. .32x,4'45.630 F. ToeýTevp. = -.:'6x,+" 65.440ý F.,
120' Toe Tet. =;.2&ý t 8.140 F. Toe Temp. = -.33x'+ 64.1140 F.

Tao, recression oý' fat-flree voirlit to toe, temmperature 'is a pýositi~ve one

indicating that the. 1ar~jer the nass of the fat-freeody, .the, ~hger
thie tetenreratures. T4he-siopo- oftim rearessicn decreases through

the cooling pericd'indicatirýg that'vW.t the passag of tine i -the cold,

t~he fatý-free weig~ht gradualtlyl'lazes -itt signIficance to toe tem-perature.

This does not- neen-,homever that there is no assceation remaining at the

end of the cooling peried.. nmdoced~tL orrelation. remains signiifcent

througoujt; HFowvere, the to temperaturc of the' largest man shows a

greeter drop from initial to final'reaOdiags- tlh=Athe tetmeaueo h

snml~er- nan. The relatlonahip~betveen body fat and t~~e temperature is

negttve'indicanting%6 that the, larger- the arount, of body fat' the lover the

tee trni-arature. The s3tres of 'tiho regression do nnt-stcra a consistent

trend during, the codling. Imnstead for the first fort~y minutes the slope

of the recreasion -increases, there'efter it -decreases.I



erescsfrr- h~nd t, rtr.bsd b,ý!y xiei-jý. -pd, sit tipg

hel'&t arý prcscntcd'!'n Table . theze chcrcct'riti-c ~wir- hcsev

because -,c1 the cereiletien the~y bec-l t:1"ecd t -Wreture ond "he

-ipcree v'hmmr Sy. nul-ticple acerrclatlcm vith. pc-rzircny.

¶Ecble 6

T-4-6 Bo!y iýCir)-t ein K.Sittiec 11eIght in(--.

0x~ Box4 +-p=.3j4613.50 F H~an venp. -. 68x + 29-70*o?

40 Hnd -Taiep. -17Y -ý-69.,93 Hanmd'enp- - .317i + 1-5.69
60, !n T-:r-. .1 1

X. +~5 HeeA Temnp. .39x + --3.03
80 Hn p.20i~ + 64.'42 EqnC 2nP. .416x + 3T.39

i00 Hi~cd .25rx 4. Hend Mm-p. .35i 416.19
1210 ?Mend T"ip. =.21% +',62.U1 *tn Te-n,. .385, +. 42.813

The bzdy 'zeizint anf sttli.- hei~t re C-r6 seens-to hadtnertr re

b.Ath -;ositiv*,jm!Udictr.r _,renter-bre v2!r'ht'And hi~fnee iittixiE height

are beth e-sscciate., with-highr,% bedtenrtrs n neis--her-case

Ilces th., ncyer ecý,nrictent -;h-1Fe -in the SlCYpe C tef rýcsc

during the.u Cccl~nj; .ricdl

Vý tanrcraturo yredictic-n is zmde 'n the beasis of, re eend'sum

ofi skir. Xc1.35. Zayie 7 - re eesimnd. Age shb-vs a re-,tive

rregcesien dory te. rectAltneaee i.e., thef ollder the, individuna the

larthe rectaltn ertae



T-*lo. 7

Recrepsiens .-or pri.dic-ýing, rectel tem!'erature

aze and r4=n )f s~kin, fol~eb

Tire t~e~ in yecrz Sas f Skinfolds-ln-M-..

0,- BectalTemp. - -.0099x + 99.250 F 'Rectal Temnj i .618X + 98.290 F
20 Rectal e- -. 013x, + 99.26, Recta - =e~ *0:20x,+ 98.13
40' Rectal :n.--016

1 + 99.28 Rectal Tcsiup. = .019x -+ -9849'
66 IRictal Te .C +-99.14. nectcl--Temp. =.02!x + 97.82,

80 e-,ti Tenn -. D19x + 99.07- 'Rectal Tenn. '024x +,9T.59
200 Rectal Te-p-P -*020 + 99.10 'R-eetal ienn. .02

6
z +,97.35

120 Revt~'. ~ .O3& 99.00 -Rtectall 'Te;,, .025'c-+,97.37'

Sl= of sklr 'olds' " - positive re-rc.-sion zlope, ehawinG tha bicker

the sum of skin folls'thu~hirher the vc~tr1~t=;ýeratnýri. -A~e shows a

econsstezit'trend 01-er the coc15x,. perýýod eith the 'slorep of the

-rL~rcssion be-ecinz nZteepcrcýs-br~y .ent is. lost. Zals-sugjest& that, age

hen zn increeei!ý-1y. ,mxotant role 'in rectnl~tenperanturevith~the ien~tn,

ofiTtjIotheN-9rzscn is cooled. Despite zfxilu variation durlnzthc f~ijst

t:hree tine per--o -," of mersurements tberN appears to be an overall rise in

the stecincss- -f t*he slope -qbun relati--C-skin fb~di to rectal te~ipenture

also Su~destinf Vtht the inr'orteance of the-fat xhickneec -increises with

the length of time of cooline..

In Thble 8 nenn vei;.rted hntnetrereice Isen

cn t e -bacis of nro.. U.aother varali shovred consisten~t slt-ificesit

correlation to nean vni~ihtcd hi tneiature. The- association-is

-ne,,aiive,-in1-ivitinc, tbnt-the cldar-,the -ndjvidual'~th. lover the mnen-

AvQithtd shit z~xratuirc.

-17-7



ReGrescien rcr yrdi'-ti ne nlcn

cbineh.-ro Indians

Ag~e in Years

20 -00 85.95
46 14.W.S.T. =.5x485.22

60 mw.sA.S.?.=-0 4 84a.71
Ba U. = .0117% +,8.j

100 mu. =. -. ,25, 4135'.01-

120 H.U.S.T. =-: 2x+8?'9

D~rinc~tle f:drst hou of~eoolin- nn cpasistent- charz~e of the SIC're

C:d..he rz_-resSlcnflq":eXs, bxr-durintý th& secpond h-ýur of cncain&,the

?'sicn 1c;e -incroea.zez iný Itc nt. enzis, .niin sui:e;ptin_ that fige bei

inerctcinjp jsw ii ULn~it~.-ea en-!ýhteul ±ikn-t.errnrture vit4 the

Thei anslyeisý of lbody awrtncteintics In' ýrclxtior. tc tcn_,,rn-turs

rcncnaes in t"e four iaoc shown thut In biCb z~tiltude

ccid cx*,om:re, bce-lfat~is s;.% cntV' I thrate ?eoi~ oi.

b~ec zho'.mint lc* r-:-!titudcz fo U. S, M~htes it trctz =Ansuletiie.

Desnte ho c~Z~snOf the U. S. WhitO S3ipaO thi:, dattilnsi~st

the =--s, of the f:ý.t-frce kcrdy sh'nu1a be consid~ied -as a si~niflcont, fntozr

in the irate =rd deZmeecf.b-edy conin.!.G



in the onitlyzis.-i,pitfiant tfrerar~ces betucen t!c.-U.'S.. U-hite

, en th.! C-hinchire Zndllsa 'rc.p vre found. A~e, '.'e the irine factor

in the-Inlian grcu~i in ralatioO to Overoall indices ocflbody cooieng,

whil frt, and fat-fred wci~,htieore of rrine inportance for the lihites.

NeVertheless, this 'skou3A iot ba interpreted fts necessmrlly. siguifyin_'

_a functionel diffirencte betveen the -opulotions. The, are ran~e, in the UI. S.

,I~ite icm:%le was n~xch -more linited than the x-e r~nr.,in. the.Indian smiple

and the body fat - rant-e-was, nuch Cxeater in' the ii. S.,AIhite sc 2*e than it

was in the Indian- rroup. It is therefor po4ssible that the differences

in the selection of pilne rredictors- and in the significance of'

cci-olstions -wts an-ertifact cf swnplina and nat a real difference in-

tb.c careful naitchIac oSfthe tuo Uiniversity of Cuzeno student

Poul-ations sh~o*l noko the data obtiiinzd'fr6oa.thcir study helpful in

cbosinG between the alternatives of senrlincr -and real--croup differences.

-7hio-results of-the -student c-_pepriscns siuwrcst that the Unite~ amd-ludijvs

r~ay not resnona identically, end body-characteristics mij not-have,.the,

sate relat~ionshir to coclin.- responses in 'the two rxoups. However,, Air

conclusions'do not secm warranted, beceuse of the s -n=l senple sizes

and -the restricted -anrq, of, ace and fatness in these populaians.

"Uithtin twenty, riwates aftar -the - becinninr: ýof the cooli.nzc xpsure.

the toe temperatures'of theU .-S.Whites reached altmost, nibient

tqmueratu ad they renaimed. nt-this le, el throuchout- the test pwriod.;ý

The lack ofý veriatbility vithin the Croup iode any sir~nificant correlation

betweiii toe tenperutiures cad bodych ceiistics inroissible. Ioe-

teprVrafor- thei stuident ~r urs are'also low, thounh not as low as



the U. 3. 1Whites. cnlrthc Cb,ýiacchro Idniaieo rcu-p mantinticd~toe

tcý' ratu~cs Sustamt!ýIuy alvla beo u.prtt-s An slnovn by

'rez,-ressicn mcnoiyis, te itnneftet2eLtr. sfltI~nVrO

for the Chincher -individuals. The sZthin: Chinchiero mim lhod a

'tce teppcrature as low, es the-U. S., Vi-htes and oi~ly the heavier ndý

fetter iudivlid~als maintaincd devo~ted ýresdiu'.

These results supýoert the -suggtestion that the Chinchero Idnians-have

a hi~ar zietabiolic respoxse to cold ex-pos-ure. Since. fat .free weighitis,

the prine factor in prediction it ni'cot be, deduced that the Crester ness

'of ncto olics ly nctive tissuie p~roduces n~ore het end this-is reflected,

Iin a~eater-hest: flow to the extrenities.

The res ultso of the hood temper-ature analsis cazn be -internretedd

Os suortiuC thiisnsuestion. However.,thie -roup differencesý ese not

so clencly, defined, perhapsm bec'ause nc.-e nrn-,iovement thsn leg movement

won permitted. during th~e test,.

The overall bodyr tepm'eratuse oeMsrrenents of rectsl and ea

-fei~hte skin tem.-erature, vlso suggest -si ohan interrreaition since the

negative relationships between ace and these reasnres ma-y reflect-the

declining ability of the bdywith-ace tc support naxinda2 beat production.

-20-
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APPzmr( A.

BrIIRIATE: -CMC ATZ0NS'D2,7.E7 P0DY
C~9C~IT~c ~in BTY TF'ATUSE

At,ý Dxitiai- Extonure i6 14
0

, c

U.S. ~thites 11=5

T~peraitm-e Tepr~tur c~tre Skin Te.&periture

Age .2.08 .-.119 .83T -0&58
st.u1 -. 06 ~ '.5o6 ko.534.
SIi,. M73 -v~6 ,4.59 -7.597

Bu.223, .321 .792. ;-.656,,
sýsr .304. -. 170 `750 ~ 78C
FW2 .192, .4.59 .755 -. 5.1,
sap .uio *.681 '.486 -72

.Cie -hites' !?i12

'Age .200 .2,9k .208 .004.
-St.H .231, .277. -. 107 ý-.'421
SIill -.045 .04.0 .2.28 -21
DI' .5.0- .293 -.275 4ý.323,-

,.T .307 -o.'; .299 -. 217.
mr1 .5422 .3l6ý -. 3T7 --. 315

6SF .2T6 '.051 .334, ý-.230

Cuzco lidi..rs ";12

Ag, 2.2.38T -;.386 A124
St.TI --.200 N-.228ý -. 182. -. 309-
Si.nH -. 362 -;.633i's-.i .;5422

DW 028 .01T. .022 -.189
',DýF ~ 2T6 .37. ;.0T -. 139'
Fr', ý-.018 -.01 -. 02T -. 132

SSF 256.296 o02. -. 162.

Chineliero Indfias H2422

A~N.269 -. 187 r.i65, ý-.172
StAH 2.422* 21' -. 220 .231
Si'.H .34.3 .54* --.004 .356
-BY .502* ;396 .003 .302'

3F-.150 -;187 .334. .-. 034,.
.F 534-* .2.30* -. 04.3 .320,

-sSF -. 2422 -. 156-32. -. 080

St.H-Stand~iinHei~ht, Si.1E=Sitting Height, BEW=Dody, Ileiglbt, 5BF-Perceiit
Body Fat, P1FF-Iat Frei!e lgehtý S,%-Sta of Skin Fold.'

p -,.0~5
p C-22-



After 20 fl'fUtes fit 3140 c

"be, itani Pe'ta! Vean Ileirhted'
Teiperatture Teuperature Teprature i~dn eeatr

.6142 .231. ,Cog -. 107

St.H!-.3 -. 63T -. 1413 .073
.886% .290 .360 -.4135

BI: 7.233 -5583 .839 -.606
IBF' .q9 .31.2 .758 .9374

-..L20- '6314 .89 ,-457,

'SSF .0 43 :15:4 .514. -8931*

Cuzco 'Whites 11=12

Agze .4.14 .350 .1e4 130Li
'St.!! "071- '223, -. '2i4- ;-385'
Si.!! -.1140 ,.o65 .338- -23L4

'W.1428 ;393 '.3W4 -.171

BF.218ý -266 .233, '84

PFM .1436, .3822 -;437, ý.15,2
'8SF .162 .282.23.2

Cuzeo Indians- N= 12

tze .1453 .2Z'- -.194ý .080,

sV.!I .. 100 .-.2714 -. 09T -.321

S!.!! -. 321 '-.525 -. 021 .529

BW, .192 '.153 .112 .o
%~BF .3214 46 .028 ý.o6i

FFV..1.29- :05t; .151 13
.S 29T- '.436 .078 063

-Chinche-o indimirs V=24,

-Age .231L -. 112 -.1469*.31
St.!! .376 7229 -. 059 .222

SI.!! 3142, .342.1728
B11 14,02* .318 .131, .157
I.BF --.'203 -. 1140 .376 -. 100,
FFW ".532-ý .31.2 '.080- .177
5SF -. 2814 -.3.3 .13 -. 088-

St.E-tandiong Heicht,,Si.E=Sý'ýttiD Refebt, mi=Bodyif!eight. ~rPrel
Body Fat,, PFW t Free Veight,SSSaoSknFls

*=p (.05



U.',. Iraltes :15

Tlmpe!rature Teerature Te--rera'tvxe Skin Temrerture

1.~e -.0 191 -6 -. 508

SZ21 .1.75 -116 .326 -. 305
-!--.159' .158 .74 -. 522

.126 .3.2 .'7 53 -. 816
FH .236 -.84ý.54 -32

5PF .225ý .2439 .1a88, .9*

CTnzco'"ites U1

Aae c, c.034 .192 -. 220
St.U1 .166 .1199 -. 125 -. 384.
S~i. -131- -. 12C .387 .1
B', .558 .31i .10 -o223.

.320 .285 .322 -. 224'.
FW.561 .319 ,.300, -. 203

SSF .258 -.394. .361 ,.9

-Cuzco Th3loa 11=12

je, .255- .295 -. 24.5 .670'
StH-.285 -. 23P -163 -. 319

-.0313 .1r.126 -. 283

-7.,332 .2e0 -. 293
-FF1 .11 032 .0e5 -:24.7

SZ? .251 .315 ?266 -.2943

Chin;,hero Zn~lans !!=24,

Aee .2L222 -. 524"~ -. 268

SLH- .28) -.337 .332 .085
.4510 .262 .2L.2 -. 06-

-.23 -. 18 .28 -. o62m .196:-* .29 5 .202 -. 003.
SS? .272 -;.323 .31.8 -. 078

St.H1Stand!' ng Heicht. Si.11=itti~r~i I~eiei~t,B:I=Bca Vei~cnt,%0F--crcentý Body Fe.,
.VFWFW=at F~ce Folt 01S i Si bds.

-24.-



Aftear'60 N:!ir-c ,nt 1L
0 C

Tc e Ha~nd R-ct~a Mein Voliehtea
Te=nre Tert-ýre Tevperatuicý skin !2emperature,

Pea,337 .ý25 .777- -. 587!
St;3. !-.079 .390 -.531,.19

.1Lq.7' -. 490 ý -. 257,
zw -. 9 615* .830 -ý.553

:014; .?79 *7L7,-83
-.368 -.769 XC02

SSF -24.82h~ .508, -95

Cuzco WJ1ites N-22

Ace .174 .023, .15h -. 256
St.i. .3.17 .202 .i6C -.462

SLE5-03 -.130 .28T -.;830

'~F.4ca .63c* .359 -. 1995-
.,!-.55 7.,269 -. 2240,

53 .95 CtI3r- .4a05 -. 151

Le.393 .24a- -a242 ,'t
-.0.88 -. i75 -099 -. 355

B"? .082 .21lf .1924 -. 32,c
tT.166 -32 1555 7.31.2

.02.0L :,5 .179 -; 285
wS -.165 .326 .200 .5

.223 -35-.5771 *212
-St.R .346 .136 .190 .:56
,s5.H. .369ý .33 .3.9..2

2W.5009 .216 .0ý56 .008
-. 26-1247 ~ 33-139
'55*.235 .211l .0311

ýSs? -. 5 .6..381 -. 163,

St.H = str.nding :4eizut, SI.t Gittinr Hoif.1, Vi z.Veisht, %BF =4Percent
Fat dF = Pat nree Weicht, 3UF- S~ of Skin FaldS

p. .01



Afterfi M0~inmit~ L~t 114
0
ýc

!J. S. whit~s 15

Tcpratrc, Tc-e~mt-,re Tvperýture Sk!InTq~peratu-re

t.Ze -. 032 .002 .7)37, -. 528
SzrH. -. 430, -. 320 -. 598 .235

k.'.562 L41 .47
LW-.2,0 .660 .838, -. 500
7 m:C83 .105 TIT .84

r.776 .'B3 -. 356
s?.157 .122 .561 -.P,57'

Age a.72.06 .017- -. 032
.01. X5 -. 084 .1 -'.516

S..-7.320 .162 .'263-
.635* .350 -. 101 io

.5e 578' .3br- -.01i5
PW.602* .2614 -;.191 -;.n6
SS?.1.98 .599" .36.009

Jz e .312 .1482 .6 .228
Est;H. .1eh -. GO6 _0t693 -. 308

S...1146 -.1456 '016 .;."
BY-31- .121' .255 -. 188
%B,.3-65 .255 ; .21, 1201
PW.292 .C67' .33 7-.166
SF.169 a6f, .278 -. Z23

Ae.1914 -.79 -.5C8** ;-2.
St.. .236 .2 43 .226 ;13T

ýSiU 1. .2. 4-u".;- 0 I .3175 .275
By.1343* .3014 .287 .10T

%Br-17 174 .3L.8 -. b143
ý1'30 .236, .120

Si.' 1, StanairS0 UciL-ktt, S!.H. 7 Sitting-ei-_,ht, PJ = 2*echt; %fF =Percemt,

p iFF, i7 =pe. Free Wcicit. SSF G=S of Skin Folds.
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After 100 tAin'ntes- at 114' C.

U.S., '.4Mte3 lf=5

.eoC Fand Rectail Mean Weighited
Tc~eratuire Tci~peratturc Tenperat12re Skjin Te:perst-4re

A.29 '.020,,~ .8
td..24.6 -. 4.20 ý-..65, .185

Bl ;.633 .620 .936* -. 518,

-- i ;rl.736 .913r -. 369
SCS7 ý7054 .066, .659 -ý.86

CxiZeo khi te, 1=12
Ac.262 -2193 .008 ý-.287

si.x. -2n-.452 .217 -. 9391

22 .6.1.N.113.071
%B 0-.295, .1.72 .-3

FF24 .5J3' ;063 -. 025 -ý.207
'SSF .599' .2&,) .526 -.'096~

Ci~zco nd5.Mni '1=12

ice, 21 .1 -13-0.
ýSt.H., -ý.118 -. 3C6 -. 06Q, -. 3.2'
si.11. -.073' Clor0 -P. 0 a -.414
BW .019 .7063 .301 - ,.241.

.B, 018 .1.cl .21.2 -. 2441
M* Ail1 -ý.053 .282 -213

5SFt A57, '.211 .292 -21

c1.in~eb~ i'ndimis r.=24,

A~e .295 -. 242 -. 5820* .n

'SI.H 1363 .3ý2 .B&) .249'
BJ. .1.30' o383 .322-.4

%a -.178, - X .21 .352 -. 082
FF2 .520"* -~S1 .272, .060
SS--.233 .0;)5 .41.1;.'92

St.12. =Steao.1Ing Hcicb'., Si. H. -Sitting, BehW =Wei~3t'. B F Perimut
rat, rw-,Frt F-reeWeict,'SS? =SS= of Skim Foldz

'=pt .01,



Aft-er 12-, !.imyt~e at 14.0'c.

toe Metl-ean weiehtC4
'Ie~re-rtmre 'Tc:"' ratir Tezpere-ira Slin- T~enteratre

Acc -~2 181 .666- -.29i
'St.11. -. 4A23 -. 535 .425ý .341

.19.030 .234-.4

S3F.259 -. 014 .843 -. 743'
.085 .505 .923' .. 8
.1. 54 -. 219- .701 -. 829:

Crcc'Wkdte :1=32-

za7 -. 020 .15-.8

Si'.- 1-. -. 179 .1'.1 '.1C6 -. 62"
e .62' .'393 .2o4 -. 177
3? 639k .4h4' .503ý -. 156

.4 ,.341 .- 19-18

-4e .7- .7 .9 .179
St."L .3'1L -. 33L. -. 2A-63

51.0 .01' -. 31 -143. -440
1W.203, .0,2 197 r,;37 3

-. 079 ý3L44 .216 -:216
.24.9 .008 .167 -369

SO? -. 129 .335, .257 -. 201

,St. H..299 .2b3 ITT .181,
SI." E. .333 .37.9 .348 .272,

El.3,',5 .273, :055-
-. 129 .290 -. 010

FRW.58 -.339 .24.057,
ESF- -. 224 --;.051 r372"00

St. H. =Stanandr'H~eiecflS1. U.= SittinC Heif~lt, Th el~ht, BFD-= Percent
~Ft-~='Fg± tJ.jkt 55? =5.-m of Skin-Foldo.-

'p. .05



Distribution

4* copies Cc~mrdc~na General
U.S., Arrv Pei'jce' le..earcbi nd :)cvolopmer~t

lfin r:avy Bulldinr
flecbington 25, tD.C.
ATTNI: Chiei, Flopqrtsi-.rmich-

1O- ecpiec Defece~ Docurentntion Ccute
Czs:oron St.,tion,

I copyr Ccn2~cndi.-F Officer
USA'IEDS Corbat Dcovoloprcnt-Group-

-i~rcI'.o Arry -Eediarl Cen~ter
FortSor oustn, exesn


